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Abstract 
To estimate microphysical and optical properties of cloud vertical profiles from radiances measured by 
ground-based observations at a specific point, retrievals of the Bayesian estimate using the maximum likelihood 
method and estimate using the Kalman filter are developed. In addition, the estimate system based on these 
developed retrievals is expanded in principle from one estimate cycle to four estimate cycles. Through ideal 
experiments, it is founded out that a coupling among different retrieval methods is likely to improve the 
accuracies of estimates.  
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1. Introduction 
The Meteorological Research Institute (MRI, Japan) has 
developed the basis of technology to understand climate 
change in atmospheric radiative properties to be caused by 
clouds and aerosols. Through guessing microphysical and 
optical properties of clouds by some radiances at some 
visible and near-infrared wavelengths, azimuth angles and 
zenith angles measured by a Sun-sky scanning photometer 
called i-skyradiometer, manufactured by PREDE Co. Ltd. 
( product name POM02 ), their properties of clouds linked 
with observations contribute to estimates of uncertainties of 
the radiative forcing in the present climate or the projection 
using climate models. Furthermore, through guessing their 
properties of cloud vertical profiles, their properties of cloud 
vertical profiles linked with observations could contribute to 
the data assimilation system in the weather prediction model. 
To estimate microphysical and optical properties of cloud 
vertical profiles from information of radiances measured by 
ground-based observations at a specific point, various 
retrieval methods are developed. Moreover results of ideal 
experiments are showed using these developed retrievals. 
 
2. Methods 
To estimate microphysical and optical properties of cloud 
vertical profiles from radiances measured by ground-based 
observations at a specific point corresponds to solving the 
inverse problem to a one-dimensional vertical atmospheric 
radiative transfer model. In this study, to solve its inverse 
problem, some retrievals of the Bayesian estimate using the 
maximum likelihood method and estimate using the Kalman 
filter are newly developed. In addition, the estimate system 
based on these developed retrievals is expanded as showed 
by Fig.1.     is a set of variables to estimate, Λ and Z are 
index sets. Λ represents a set of physical variables, such as 
cloud liquid water mixing ratio, cloud ice mixing ratio, mode 
radius and standard deviation of cloud droplet or ice crystal 
distribution. Z represents a set of atmospheric heights at 
which variables to estimate are deposited.     is a set of 
new variables through a basis transform. K is a index set 
linked with Λ  and Z through a basis transform. N 
represents a truncated index number. The over-bar and 
over-tilde represent sets to which     and     are 
mapped by an inverse basis transform. The superscript, 
estimate represents a set which is estimated from solving the 
inverse problem. It is the standard estimate that      is 
mapped to       ,         is deduced from solving the 
inverse  problem  using       , is  mapped to       , 
     is equal to       , and until estimated radiances are 
close to measured radiances, this process is repeated. A 
series of this process is called estimate cycle.       is 
transformed to new variables     by a basis transform. 
Then, a new estimate cycle to pass        is introduced in 
the estimate system.     is divided between     and     .  
This means that dominant component and anomaly 
component are represented in the estimate system. In this 
study, the former is preserved, and the latter is estimated. 
Then, two estimate cycles to pass       or       are 
newly introduced in the estimate system. 
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Fig.1 Schematic overview of the expanded estimate system. Variables to estimate 
are transformed to a vector spanned by a basis set, and the vector filtered out is 
estimated as new variables. 
 
3. Experimental design 
Two different cases are experimented that the cloud liquid 
water is deposited at 4 levels (2km, 3km, 4km, and 5km), 
and the cloud liquid water and cloud ice are deposited at 2 
levels (2km and 3km). In these cases, some radiances at 
wavelengths of 0.315nm, 0.34nm, 0.5nm, 0.675nm, 
1.627nm, and 2.2nm and zenith angles of  0°and 60°are  
measured. The true values to estimate are assumed such as 
the cloud mixing ratio is 5.0×10-4 kg/kg, the mode radius 
and standard deviation of the log-normal distribution are 1.2
×10-3cm and 1.6 with respect to the cloud liquid water, 3.0
×10-3 cm and 1.6 with respect to the cloud ice. For the 
radiative transfer model which is forward model, RSTAR6B 
(Nakajima and Tanaka, 1986) is used. The experimental 
numbering is made as follows. 
1.The maximum likelihood method. 
2.The maximum likelihood method including the Fourier 
transform as a basis transform for estimated variable. 
3.The maximum likelihood method including the Fourier 
transform as a basis transform and high-pass filter for 
estimated variables. 
4.The Kalman filter. 
5.The Kalman filter including the Fourier transform as a 
basis transform for estimated variables. 
6.The Kalman filter including the Fourier transform as a 
basis transform and high-pass filter for estimated 
variables. 
7.Average over all methods. 
 
4. Results and Discussion 
Fig.2 shows estimates of the cloud mixing ratio, standard 
deviation, and mode radius. In these experiments, the 
maximum likelihood method poorly has the accuracies of 
estimates, and the Kalman filter estimates the standard 
deviations better. Each retrieval method does not highly 
have the accuracies of estimates for all variables to estimate. 
However, by averaging over all methods, the estimates trend 
to come close to the true values. Some coupling methods 
among different retrieval methods, named ensemble retrieval 
method are likely to improve the accuracies of estimates. 
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Fig.2 Estimates using various retrieval methods, (a)cloud mixing ratio(kg/kg), 
(b)standard deviation, (c)mode radius (cm). 
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